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Investigation of Cytokine Gene Polymorphisms in
Korean Patients with Scrub Typhus

Background: Scrub typhus is caused by Orientia tsutsugamushi and can
become severe and potentially life-threatening. It is suggested that specific
host factors can modify the host response during O. tsutsugamushi infection.
It is known that susceptibility and outcome of infectious disease are associated
with genetic polymorphisms of some cytokines.

Materials and Methods: Peripheral blood of 144 patients who were diagnosed
with scrub typhus and of 311 unrelated healthy subjects were collected. A
diagnosis of scrub typhus was made upon demonstration of a fourfold rise in
antibody titer to O. tsutsugamushi in paired serum specimens in an indirect
immunofluorescent (IFA) test. Genomic DNAs were extracted from peripheral
mononuclear cells and genotypings for IL-1 (-511C/T), IL-1B (+3953T/C), 1L-2
(-:330T/G), IL-4 (-590C/T), IL-4R(-1902G/A), IL-10 (-1082G/A), IL-10 (-819C/T),
TNF-a (238G/A) and TNF-a (-308G/A) were performed simultaneously using
PCR-SSP (sequence specific polymorphisms) assay.

Results: The frequency of IL-1 (-511T/T) (OR=0.53, P<0.01) and IL-2 (-:330T/
T) (OR=0.56, P<0.01) were significantly decreased, but that of 1L-2(-330G/G)
(OR=4.49, P<0.01) was increased, in the scrub typhus patients compared to
the healthy controls. And, there were no statistically significant differences
in the genetic polymorphisms of IL-4 (-590C/T), IL-4Ra (-1902G/A), IL-10
(-1082G/A), IL-10 (-819C/T), TNF-a (-238G/A), TNF-a (-308G/A) genes, in the
scrub typhus patients compared to the unrelated healthy controls.
Conclusions: Cytokine polymorphisms in the IL-1 (-511T/T) and the IL-2 genes
may influence the host response to O. tsutsugamushi.
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AT O ALgho] YR E )9 f3o E¥HA] Orientia
tsutsugamushiol] Z1GEo] HAsI A W, F5 7l G4 4 9
IR T IS —E—XJQE 3tk O tsutsugamushiZt QA
of AU F ZAIpPFAM oz Whshs Aol TH i iE o]

%93 ks i B aHo] Juk(l, 2). O tsutsugamushiZt At
A HYAE B2l Y 4 At dlelA] AEstaL S48t
7] SJert= EHZ%’HL_OHH THZ R & Aoy THZ B4 59
o] &5 HWA7|5S FTslorditt & 2AT7HFAES] W= O
tsutsugamushi®] 59 Qo= &5 HA750] ot Asp} 0%
G vE 5= Qo T Al EAE sk IARI Alo|E7IRI0]
AT PEAO] HhAol] oJakg WA A0 R ol st 5= QIrh3, 4).

T 7 H3e] ol dlfol] L Alol BRI Ak o
o] mig- S AvtElo] o] LA rk i 59 interleukin
10 (IL-10) F32} vheddo] 2l hge] 3ol 5571 Al &3 vt
o2 715 5ot ¥idEo] Jrkal B arEo] QIek57),

ARATIHAY SAto|A] 3= ALl EFIR] EE7) QAF =4k W
3} Ao} 9131 0] WY 75| WX F83k Ehs 3= A
o= HiEo] 9oy, 3, 8, 9), O tsutsugamushi 7HFl ek 74424
I A EFIRT F7RF ThFdFte] Ave Elsk= Slo] wig- 8
3} oo ARIE-L 2AIEA Bk} A Tzl A 1-1e, IL-18
-2, IL-4, IL-4R, IL-10 2 tumor necrosis factor (TNF)-a --2x}2] Tk
FE AR

l‘

|

>

oA ZAEIPFAIE O 2 FdEo] QYA EE Wk 14493 A4 o
Z 31 tPo = S ExFEe] Hat A 61A1(30-884) %A
a1 odo] 94, o] S0He| k. 2T HEAIS] ZIeks: Q)8 (1A
HAggH o 2 FHo| A2 2Asiglon =2 AxlA AP}
4H] o 53 A2 mATPEA 0 7 FREI3TE

2. DNA 22| & AOIEFIRI FEIXIE dAL

Heparin FHol| 971 wxdodoA] DNA £E|& -?—]sz Qiagen DNA
blood mini kitZ- AF8-8}°] genomic DNAZ- £-2]3]

BErfe} ool A E2]E DNACIA PCR-SSP (Sequence specific
polymorphism) HPH-S- o]-8-8}0] IL-1-889(1/C), IL-1-511(C/T), IL-2-
330(T/G), IL~4-590(C/T), IL-4Ra-1902(G/A), IL-10-1082(G/A), IL-10-
819(C/T), TNF-a-238(G/A) 2 TNF-a-308(G/A)ll thgt fAd-e
AASISton] S AN SS] ANAIE 3289 @71 9
3l Soleh AHIE TR, 72 A ke R4l 9
3 AbeEl Z21) A MRS The sk ekTable 1) £33
W& Z 79 10 pL2 A=), ZF 273 TDMH (10X buffer,
25 mM MgCl,, 25 mM dNTPs), o1& APZA], - Al DNA 200
ng, Taq DNA polymerase 1 unit (5 U/uL; Boehringer Mannheim,
GmbH, Mannheim, German)<& &3t &3 ¥, My CyclerIM
thermocycler (Bio-Rad, CA, USA)E AFE38lo] Uh23} 28 2% X
7401]/\1 ZABIITE 96Tl 187F 18], 96Tl 25%, 70°CollA 45

Z, 72Ol 4555 53] AABIAL THA] 96TCellA 25%, 65TCollA] 45,
72CoAlA 3025 213), 96TIA 25%, 55CelA 60, 72Tl 120
ZE 83] AAIBINTE SEE FEANES ALHES cybergreeno]

3 loading Gk} &3kt £ 1.5% agarose gelollX] #1719

M= 2 HhH (150\/ 20—r)—‘ 3} 5 Gel document system (Biorad, CA, USA)ol|A] &
o] bandZ E151t}(Fig. 1).
1, Chad
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Table 1. PCR Primer Sequences for Genotypings in Cytokine Genes

Gene Allele Sense primer Conc (uM) Antisense primer Conc (uM) bp

1=15=511 -511C TAG CCC TCT ACC AAG GAC CA 0.2 CTTTAATAATAGTAACCAGGCAACAC 05 216
-511T TAG CCC TCT ACC AAG GAC CA 0.2 CTTTAATAATAGTAACCAGGCAACAT 0.5

IL-1 +3953 +3953T CCT CGT TAT CCC ATG TGT CA 34 CAT TGT CAC CAGAGG TTC GT 3.4 336
+3953C CCT CGT TAT CCC ATG TGT CG 6.4 CAT TGT CAC CAG AGG TTC GT 34

IL-2-330 -330T ATG CTATTC ACATGT TCA GTG TAG TTT TAT 34 TGG AATTTC TTT AAA CCC CCA AAG A 34 215
-330G ATG CTATTC ACATGT TCA GTG TAG TTT TAG 34 TGGAATTTC TTT AAA CCC CCA AAG A 34

-4 -590C ACA CTAAAC TTG GGA GAACATTGT C 8 CAT AGA AGG GAG AGG CCA CAG GTG 12 246
-590T ACA CTAAAC TTG GGA GAACATTGT T 12 CAT AGA AGG GAG AGG CCA CAG GTG 15

IL-4Ra +1902G AGT CAC CGT GTC CCA GAG AGC TGG 1.7 TCC ACC GCATGT ACAAACTCC C 1.7 228
+1902A AGT CAC CGT GTC CCA GAG AGC TGG 1.7 TCC ACC GCATGT ACAAACTCC T 1.7

IL-10 -1082G CTACTAAGG CTT CTT TGG GAG 1.7 CAG TGC CAA CTG AGAATT TGG 3.4 258
-1082A ACT ACT AAG GCTTCTTTG GGA A 1.7 CAG TGC CAA CTG AGA ATT TGG 3.4
-819C CCCTTG TAC AGG TGA TGT AAC 17 AGG ATG TGT TCC AGG CTC CT 34 233
-819A ACC CTT GTA CAG GTG ATG TAAT 1.7 AGG ATG TGT TCC AGG CTC CT 3.4

TNF -308G ATA GGT TTT GAG GGG CAT GG 7 TCCTCT GCT GTC CTT GCT GA 12 363
-308A ATA GGT TTT GAG GGG CAT GA 5 TCCTCT GCT GTC CTT GCT GA B
-238G AGA CCC CCC TCG GAATCG 10 GTG CCAACAACT GCCTTTATATGT C 10 250
-238A AGA CCC CCC TCG GAATCA 10 GTG CCAACAACT GCCTTTATATGT C 10
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Figure 1. Results of PCR-SSP (Sequence specific polymorphism) for Cytokine Polymorphisms. M, indicate DNA size marker; internal

control, 440 bp.

3. 37 & XE 2

BT HEA 3R} tire] AP elA X005 olstd 9 &
AR frelds Fofsiitt BAIA F2l4de two by two tableel] 2]l
chi-square 73733} Fisher exact 770l 2Jaf 2S99 odds ratio}
Cl(confidence interval)Zt-& AT

24 ﬂl’

A FAALe) ofsl) ZEIPFAIE O 2 BRI 14478 FollA] oA} 94
o7 oz} 3} Wekorn] E BE= 30404 88A7KA] tkst
AT B AL 61649 F 1447 0] ZATPEAN] $ERpe} A} o
Z 31HeIA IL-14-511(C/T), IL-14+3953(T/C), IL-2-330(1/G), IL-4-
590(C/T), IL-4R-1902(G/A), IL-10-819(C/T), IL-10-1082(G/A), TNF-a
-238(G/A), TNF-a-308(A/G) F-919] T -7} thad d-& gelsisict:

N

1, IL-1B-512} IL-1B+3953 20| CIkA H|x

At Bt S Blaells W Exkrol A I-15-511T/T
AR EAL vs, Z32dR1; 22.2% vs. 35.1%, OR=053, 0.34¢ORL0.84,
P0.006)] R1%=7} f-olshA] Rakeh I-15+39539] thd/d ZAtellA] IL-
1+3953"T RS thaer 3t Blaslls w 2227 A S
A8] RIw7} ozt Bisf RIm=7} w218 SRIsIiAT A4 0.
2 23k 2ol olATHEA} vs, AL 2.08% vs, 4.66%)(Table 2).

2. II=2-330 £2le| ¥ H|m

FErlrtoll A IL-2-330G/G F-F @A} vs, 73731; 15.28% vs. 3.90%,
OR=449, 216{OR<9.36, X0.001)2] HI=5 taw} H|walds of
&M E=QITH(Table 3). B3} M1-2-330T/T FA82] RIES thxasd)
H ks W FoJabA] S-S SRISIITHEA} vs. A< 41.67%
vs. 56.30%, OR=0.56, 0.37¢€OR<0.83, PX0.004).

3. IL-4-5901} IL-4Ra—1902 52| CIFA H|m
Th2 2] AFO|EF1RI1Q1 1142 tieFdell thal] xlra A2 ti=

Table 2. Comparison of the IL-18-511, IL-18+3953 Polymorphism between
Scrub Typhus Patients and Normal Controls in Korean Population

gé/;(;klne Genotypes Sc[ﬁz{ﬂ\us % (';:irgﬁl) % P OR
IL-1-511
Genotype cC 36 25.00 61 19.60
CT 76 5278 141 45.30
1T 32 2222 109 3510 0.006 0.53
Carriage C 12 7778 202 64.95
T 108 75.00 250 80.39
Allele C 148 51.39 263 4228 ns
T 140 48.61 359 57.72
IL-1+3953
Genotype T 0 0.00 3 096 ns
TC 6 417 23 740
cC 138 95.83 285 91.64
Carriage T 6 417 26 8.36
C 144 100.00 308 99.04
Allele T 6 2.08 29 466 ns
C 282 9792 593 95.34

ns, no significant ; OR, odds ratio

Table 3. Comparison of the IL.-2-330 Polymorphism between Scrub Typhus
Patients and Normal Controls in Korean Population

12 Genotypes Sc;ﬁi}ﬂ)‘us % (’;"irgﬁ') % P OR
330
Genotype T 60 4167 175 5627 0004 056
16 62 4305 14 3987
66 22 1528 12 386 <0001 449
Carriage T 122 84.72 299 96.14
G 84 5833 136 4373
Alele T 182 6319 474 7621 <0001 054
G 106 3681 148 2379 187

& Hlste] ARGk 1-4-590C/C %] thel Hlsh Wl
7 oRE e RS Heliglon SAHOR FIR Aol ohigich

(B} vs. 7374R1: 490% vs. 2.30%). TL~4Ra-19022] ThFAd RITo M=
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Table 4. Comparison of the IL-4-590 and IL-4Ra-1902 Polymorphism between

Scrub Typhus Patients and Normal Controls in Korean Population

Table 6. Comparison of the TNFa-308 and TNFa-238 Polymorphism between
Scrub Typhus Patients and Normal Controls in Korean Population

g:{t](;kme Genotypes Sc[ﬁg;ﬁ?us % (':ngﬁl) % P OR TNF Genotypes Sc;ﬁi:iil;us % (Ir\llirzrgz(i)l) % P
IL-4 TNF-308
Genotype T 97 67.83 197 63.30 ns Genotype AA 3 2.08 3 150 ns
CT 39 21.27 107 3440 GA 17 11.81 25 12.50
cC 7 4.90 7 2.30 GG 124 86.11 172 86.00
Carriage T 136 95.10 304 97.75 Carriage A 20 13.89 28 14.00
C 46 3217 14 36.66 G 141 97.92 197 98.50
Allele T 233 81.47 501 80.55 ns Allele A 23 799 31 775 ns
C 53 18.53 121 19.45 G 265 92.01 369 92.25
IL-1+3953 TNF-238
Genotype AA 94 65.28 213 68.49 ns Genotype AA 0 0.00 1 048 ns
GA 44 30.55 86 2765 GA 13 9.03 20 9.57
GG 6 417 12 3.86 GG 131 90.97 188 89.95
Carriage A 138 95.83 299 96.14 Carriage A 13 9.03 21 10.05
G 50 34.72 98 31.51 G 144 100.00 208 99.52
Allele A 232 80.56 512 82.32 ns Allele A 13 4.51 22 526 ns
G 56 19.44 110 17.68 G 275 95.49 396 94.74

Table 5. Comparison of the IL-10-819 and IL-10-1082 Polymorphism between

Scrub Typhus Patients and Normal Controls in Korean Population

Scrub typhus

Normal

IL-10 Genotypes (n=144) % (n=311) % P
-1082
Genotype AA 124 87.32 268 8617 ns
GA 18 15.68 40 12.86
GG 0 0.00 3 0.97
Carriage A 142 100.00 308 99.04
G 18 15.68 43 13.83 s
Allele A 266 93.66 576 92.60
G 18 6.34 46 740
-819
Genotype cC 12 8.33 30 9.65 ns
CT 54 37.50 140 45.02
T 78 5417 141 45.33
Carriage C 66 45.83 170 54.66
T 132 91.67 281 90.35
Allele C 78 27.08 200 3215 ns
T 210 72.92 422 67.85
-592
Genotype cC 1 8.40 30 9.65 ns
CA 50 38.17 140 45.02
AA 70 5343 14 45.33
Carriage C 61 46.56 170 54.66
A 120 91.60 281 90.35
Allele C 72 2748 200 3215 ns
A 190 72.52 422 67.85
7 gkl BAA Abel= IATHTable 4).

4. II-10 B9e| CrFM Hlw

FRp A il A] IL-10-1082, IL-10-819, [L-10-5929] THk

A8 F Yol A Btk (Table 5). IL-10-819*T thR--8A= thx
THT} Bl A ] HIET | SQEARE BAIA o143 HolR] gt
(Table 5).

5. TNF-a—2381} TNF—a—308 £2[°| CIFA H|m
Aot} A} ool TNF-e-3082F TNF-0-2389] tlokad =
Apol At T 1tel] Qe HIE2] 2fol7t QIITHTable 6).
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=0 S §H0= st oleldk ] ey Aol
2} 1k oleloll = tjoksk i e B = it O wsutsugamushi
el ol detellA] e #Eshy wsle] 7)1 of4] o
S WA= AR Wt ARshas] el 2
o] WAz v HF vkl ok Floz AZFE A lrk). O
tsutsugamushi= T2 Alit/d BHYAE B8l I3 4= 9= tly)
A HellA] AEs}aL SAsk=t), o1& $faix] tiaAl =z THET
2 O rsutsugamushi F9S A2lslo] AEsl= 52 HARES-S 35
o SHh(, 2). 5, 227 AR 2 3ol A 9] Ao 5¢

U

gk oo} 45 vl go) Brdolt ot Fag asle] B 4
(<))

I, @578 Al ETIRIS S5/ el gt 98-S sh= T
sEre) wigolu} Bslol| g8k A O rsutsugamushi 7rAZ2] W
7130l 2R = k().

Ao EF1R1E A AA 9} WA Alolol| 4] A7} dAgke: njjal= o
WA g HalrAle] Aezd Folw 2hgale] Ao Aol
&7l FaFL v A=) I-18 11-6 2 TNF-¢= WA dglo = 2}
43}al IL-1 receptor antagonist (IL-1RA)9} [L-10-2 3B28-S g}
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(10-12), = Aol wlolels 7kl g 470 Wie whg-e 71l
Q9] g Aol L v GGl Tk 57 AF A
L2, IL

RRAo 2 44 9GS W ek 12, -4, 1110 9 TNF-a
5 ofe] AolE7|R1Z] 04 Te] AHTE AT RS

A4 2eTe] B o QIZIAS Aol A FFER A ool ==
ﬂﬁg 7Rt Tl QS MR F 0 FE BarEo] glr) ol Eo] TNF-
ZE70712] 308 YFollA] G—ARS] Tl T QEIE W3l 23]
XX] _1_/\]— b‘ ZZ J_Htﬂz Hl—/lg tl:L ]_u]- 'r] }‘6]-/] 5.7]. %—o] olg;];(;]
ATHO, 13, 14). JB|E2 I1-1, -2, [L-4, [l-4RA, [1-10 @ TNF-a &
ofe] 7FA] AfelEFIRIoN} 11 = gAlel] ik -fdAl v A 7
3 H&hel thd S} 7RIS FHr ol S5 A5l ol 82
< Aot}
o] AFrolx] ZATPFA Bxfe} A iz Alolel|x] AlolE7}
Q1 FrAALe] TS Blargt A3 SRltell A IL-15-511T/T tiefrd
2] RI%=7} fFol3A| Wkal IL-2-330G/G tigf-zixte] W=7} f2f
3 E=Th(Table 1, 2). IL-1-2 TNF-a$} 3P4 Wit thaa ol A
Akse AT 954 AlolEFRLC 2 Adzdo $93 98-8 5}

of WAL AA Z]ofeARE 53] arEteeli= Akst AERIA, HA
Aol B ARg A dvhy S3 2 Tl BAe) uhge =8t

5 QITHIS), IAA-SIFHAAS] TS 1-162) Aol Fe F
o] ofe] 7 A% R AN Aea} ddE Zk= oz By
so] JEHI6), B ATINE L1688 235 ISR IL-18-SIIT/T o)
HAAE SAkrell A A thasrset S elsar A1 79
3& Htk B 1-15-511 7-919] vjdnte = marpbpange)
WS Sep| AdE = Qlrk e IL-1A7F I-1RAS) IR
o IL-109] & AT/ EI IRl A% 55 ARlste] IL-15-5119]
TS vhe = TS F9IR ALl 27191 At St e
227 PEAES] Rl ALt o e] site]) 7]egk Zlelek

T3 125 vRF AAkshs A3 1-2-330T/T tief=dAbt
Aol S| WeRstT): 1-29] +G thdfrdAh= higher producerelth

-2 ke F308hs G difida) dawnt 22 s éﬂ
e o ATk 2= el ol THETY B2t 5
GHEe] SAE AT S50 ol T OlﬂiﬁPIL 2

& R el difRdArE Sakrold zhase] Stk A &

T 930l w2 kol ek o I=Rlofut Al Zidtell A S
of & ZloJt}.

B AelAs Il Z227PRAR SRlellA e At 27Kl
e e 2ARglon IL-16-5119 1-2-330 At
gl ZATREANY $hxke] gk el JFS nlA & e KA

A9 Q1A 5 g2 AT
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